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1
METHOD FOR DETERMINING
TRANSMISSION POWER FOR
TRANSMITTING UPLINK SIGNALS
BETWEEN TERMINALS IN A WIRELESS
COMMUNICATION SYSTEM THAT
SUPPORTS TERMINAL-TO-TERMINAL
COMMUNICATION, AND APPARATUS
THEREFOR

TECHNICAL FIELD

The present invention relates to a wireless communication,
and more particularly, to a method of determining a transmit
power for an uplink signal transmission between user equip-
ments in a wireless communication system supportive of
M2M (machine to machine) communication and apparatus
therefor.

BACKGROUND ART

In a short range communication system, a machine-to-
machine (hereinafter abbreviated M2M) communication is
generally defined as a peer-to-peer communication. In this
communication system, communication entities perform a
mutual communication in accordance with a mutually
defined and agreed random access protocol. And, it is not
necessary to consider whether one of the entities is actually
connected to a public internet network. On the other hand, a
communication on a cellular network should be defined as a
communication between a base station and a user equipment
or a communication between an entity equivalent to a base
station and a user equipment, and all communication behav-
iors are controlled by a base station or an entity equivalent to
the base station.

In this protocol, a cellular network restricts operations of
all user equipments by a predetermined rule, thereby obtain-
ing maximum throughput. On the contrary, this rule has an
over-ruled aspect depending on an application or a channel
environment of a user equipment. For instance, a base station
makes a decision of a power consumed for a user equipment
to transmit the same data traffic. As all behaviors of the user
equipment in transmitting the same data traffic are controlled
or regulated by a base station, a short range communication
should operate in a manner that the base station is situated
in-between. Thus, in order for a user equipment to perform a
short range communication with low power consumption, the
user equipment should have a structure of utilizing another
radio resource access technology (RAT) or has no choice but
to accept the inconvenience of a cellular network.

Dueto such a structural problem, as a channel environment
of a user equipment is vulnerable, when the user equipment
accesses a network, the user equipment accesses the network
by searching for a new access path with restriction put on
using an optimal communication path. This problem restricts
the following advantages. In particular, if a user equipment
has a good channel state with a neighbor user equipment
despite being located in a shadow area, the user equipment
communicates with the neighbor user equipment and the
neighbor user equipment having a good channel communi-
cates with a base station. Therefore, power efficiency and
throughput of the user equipment, which becomes a source of
data traffics, can be enhanced.

For another instance, if a user equipment intends to com-
municate with a neighbor user equipment by utilizing RAT of
acellular network instead of using an RAT different from that
of the cellular network, the corresponding data exchange is
controlled by a base station. Yet, in this communication struc-
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ture, the corresponding data should be forwarded to a base
station and is then retransmitted to a target user equipment no
matter how much the user equipments are located physically
closer to each other. Hence, this structure may turn out to be
an unreasonable communication structure.

According to this application, when user equipments (e.g.,
M2M (machine to machine) devices) are present and man-
aged, it is able to consider a model in which a specific device
plays arole as an aggregator while a server (e.g., M2M server)
accesses each of the user equipments via a base station.
According to another application, in case that an owner sup-
posed to manage user equipments manages the corresponding
user equipments in a manner of being adjacent to them, it is
preferable that data is directly delivered to the managed user
equipment of the owner rather than delivered to a base station.
In doing so, compared to a case of using a different RAT (e.g.,
WiFi, Bluetooth, Zigbee, etc.), this case can configure an
inexpensive ecosystem because a user equipment needs notto
include a modem for multiple RATs. Moreover, since the
multiple RATs are not used, it may be unnecessary to imple-
ment a processing configuration for unnecessary application
layers.

Moreover, in designing a radio interface (air-interface) for
an M2M communication or a UE-to-BS (user equipment to
base station) communication based on a single RAT, it is able
to overcome the inefficiency in designing the radio interface
based on multiple RATs independently. In particular, if a
short range communication and a cellular network access are
allowed by utilizing a single RAT, it is able to configure a very
efficient ecosystem of user equipments.

The above-mentioned features are applicable to HTC (hu-
man type communication) devices as well as to M2M devices
or user equipments. In this case, both a short range commu-
nication and a long range communication can be performed
via a user equipment with small power and low complexity.
And, an active QoS management is enabled to achieve an
efficient power consumption level and an efficient throughput
management.

In this situation, however, a detailed method of supporting
a transmit power configuration for a mobile relaying or an
M2M communication except a BS-to-UE communication in
a cellular network based communication system has not been
proposed yet. If the transmit power configuration for the
BS-to-UE communication is used as it is, since it is unable to
configure a power optimized for an M2M link, it may become
inefficient. Therefore, the demand for a method of maximiz-
ing the advantages of the M2M communication using the
efficient M2M power configuration is rising.

DISCLOSURE OF THE INVENTION
Technical Tasks

One technical task of the present invention is to provide a
method of determining a transmit power for an uplink signal
transmission from a first user equipment to a second user
equipment in a wireless communication system supportive of
an M2M communication.

Another technical task of the present invention is to provide
afirst user equipment for determining a transmit power for an
uplink signal transmission to a second user equipment in a
wireless communication system supportive of an M2M com-
munication.

Technical tasks obtainable from the present invention may
be non-limited by the above mentioned technical tasks. And,
other unmentioned technical tasks can be clearly understood



US 9,055,534 B2

3

from the following description by those having ordinary skill
in the technical field to which the present invention pertains.

Technical Solutions

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described, a method of determining an uplink trans-
mit power by a first user equipment for an uplink signal
transmission to a second user equipment in a wireless com-
munication system supportive of a UE-to-UE communica-
tion, according to one embodiment of the present invention
may include the steps of estimating a channel state based on
a second user equipment-specific signal received from the
second user equipment, transmitting estimated channel infor-
mation to a base station, receiving a message including infor-
mation on a transmit power adjusting factor from the base
station or the second user equipment, and determining trans-
mit power for the uplink signal transmission to the second
user equipment based on the received message. the first user
equipment identifies the second user equipment based on the
second user equipment-specific signal. The second user
equipment-specific signal may correspond to an SRS (sound-
ing reference symbol) signal. The method may further
include the transmitting an uplink signal to the second user
equipment at the determined transmit power. The message
may further include information for the UE-to-UE commu-
nication.

To further achieve these and other advantages and in accor-
dance with the purpose of the present invention, a method of
determining an uplink transmit power determined by a first
user equipment for an uplink signal transmission to a second
user equipment in a wireless communication system support-
ive of a UE-to-UE communication, according to another
embodiment of the present invention may include estimating
a channel state based on a second user equipment-specific
signal received from the second user equipment, determining
transmit power for the uplink signal transmission to the sec-
ond user equipment based on the estimated channel state, and
transmitting an uplink signal to the second user equipment in
accordance with the determined transmit power. The channel
state estimating may further include estimating at least one of
a pathloss between the first user equipment and the second
user equipment and an NI (noise and interference) level.

To further achieve these and other advantages and in accor-
dance with the purpose of the present invention, a first user
equipment for determining a transmit power for an uplink
signal transmission to a second user equipment in a wireless
communication system supportive of a UE-to-UE communi-
cation, according to one embodiment of the present invention
may include a processor configured to estimate a channel
state based on a second user equipment-specific signal
received from the second user equipment, a transmitter con-
figured to transmit estimated channel information to a base
station, and a receiver configured to receive a message includ-
ing information on a transmit power adjusting factor from the
base station or the second user equipment, wherein the pro-
cessor determines transmit power for the uplink signal trans-
mission to the second user equipment based on the received
message.

To further achieve these and other advantages and in accor-
dance with the purpose of the present invention, a first user
equipment for determining a transmit power for an uplink
signal transmission to a second user equipment in a wireless
communication system supportive of a UE-to-UE communi-
cation, according to another embodiment of the present
invention may include a processor configured to estimate a
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channel state based on a second user equipment-specific sig-
nal received from the second user equipment, the processor
configured to determine transmit power for the uplink signal
transmission to the second user equipment based on the esti-
mated channel state and a transmitter configured to transmit
an uplink signal to the second user equipment in accordance
with determined transmit power. The processor may estimate
at least one of a pathloss between the first user equipment and
the second user equipment and an NI (noise and interference)
level.

Advantageous Effects

According to the present invention, in a cellular network
based communication system, a transmit power for a mobile
relaying or an M2M communication is efficiently set as well
as for a BS-to-UE (base station to user equipment) commu-
nication and a communication is correspondingly performed,
whereby communication performance can be further
enhanced.

Effects obtainable from the present invention may be non-
limited by the above mentioned effect. And, other unmen-
tioned effects can be clearly understood from the following
description by those having ordinary skill in the technical
field to which the present invention pertains.

DESCRIPTION OF DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this application, illustrate
embodiment(s) of the invention and together with the descrip-
tion serve to explain the principle of the invention.

FIG. 1 is a block diagram for configurations of a base
station 105 and a user equipment 110 in a wireless commu-
nication system 100.

FIG. 2 is a diagram for one example of a wireless commu-
nication system supportive of a UE-to-UE (M2M) direct
communication.

FIG. 3 is a diagram to describe a process for adjusting a
transmit power in a manner that a source user equipment
reports information on a target user equipment to a base
station and that the base station sends a transmit power adjust-
ing factor to the source user equipment.

FIG. 4 is a diagram to describe a process for obtaining
information for determining a transmit power between a
source user equipment and a target user equipment by itself
and a process including a supportive structure.

BEST MODE FOR INVENTION

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings. In the following
detailed description of the invention includes details to help
the full understanding of the present invention. Yet, it is appar-
ent to those skilled in the art that the present invention can be
implemented without these details. For instance, although the
following descriptions are made in detail on the assumption
that a mobile communication system includes 3GPP LTE
system, the following descriptions are applicable to other
random mobile communication systems in a manner of
excluding unique features of the 3GPP LTE.

Occasionally, to prevent the present invention from getting
vaguer, structures and/or devices known to the public are
skipped or can be represented as block diagrams centering on
the core functions of the structures and/or devices. Wherever
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possible, the same reference numbers will be used throughout
the drawings to refer to the same or like parts.

Besides, in the following description, assume that a termi-
nal is a common name of such a mobile or fixed user stage
device as a user equipment (UE), a mobile station (MS), an
advanced mobile station (AMS) and the like. And, assume
that a base station (BS) is a common name of such a random
node of a network stage communicating with a terminal as a
Node B (NB), an eNode B (eNB), an access point (AP) and
the like.

In a mobile communication system, a user equipment is
able to receive information in downlink and is able to transmit
information in uplink as well. Informations transmitted or
received by the user equipment node may include various
kinds of data and control informations. In accordance with
types and usages of the informations transmitted or received
by the user equipment, various physical channels may exist.

The following descriptions are usable for various wireless
access systems including CDMA (code division multiple
access), FDMA (frequency division multiple access), TDMA
(time division multiple access), OFDMA (orthogonal fre-
quency division multiple access), SC-FDMA (single carrier
frequency division multiple access) and the like. CDMA can
be implemented by such a radio technology as UTRA (uni-
versal terrestrial radio access), CDMA 2000 and the like.
TDMA can be implemented with such a radio technology as
GSM/GPRS/EDGE (Global System for Mobile communica-
tions)/General Packet Radio Service/Enhanced Data Rates
for GSM Evolution). OFDMA can be implemented with such
a radio technology as IEEE 802.11 (Wi-Fi), IEEE 802.16
(WiMAX), IEEE 802.20, E-UTRA (Evolved UTRA), etc.
UTRA is a part of UMTS (Universal Mobile Telecommuni-
cations System). 3GPP (3rd Generation Partnership Project)
LTE (long term evolution) is a part of E-UMTS (Evolved
UMTS) that uses E-UTRA. The 3GPP LTE adopts OFDMA
in DL and SC-FDMA in UL. And, LTE-A (LTE-Advanced) is
an evolved version of 3GPP LTE.

For clarity, the following description mainly concerns
3GPP LTE/LTE-A. Yet, the technical idea of the present
invention is non-limited by such a wireless communication
system only. Moreover, in the following description, specific
terminologies are provided to help the understanding of the
present invention. And, the use of the specific terminology
can be modified into another form within the scope of the
technical idea of the present invention.

FIG. 1 is a block diagram for configurations of a base
station 105 and a user equipment 110 in a wireless commu-
nication system 100.

Although one base station 105 and one user equipment 110
are shown in the drawing to schematically represent a wire-
less communication system 100, the wireless communication
system 100 may include at least one base station and/or at
least one user equipment.

Referring to FIG. 1, a base station 105 may include a
transmitted (Tx) data processor 115, a symbol modulator 120,
a transmitter 125, a transceiving antenna 130, a processor
180, a memory 185, a receiver 190, a symbol demodulator
195 and a received data processor 197. And, a user equipment
110 may include a transmitted (Tx) data processor 165, a
symbol modulator 170, a transmitter 175, a transceiving
antenna 135, a processor 155, a memory 160, a receiver 140,
a symbol demodulator 155 and a received data processor 150.
Although the base station/user equipment 105/110 includes
one antenna 130/135 in the drawing, each of the base station
105 and the user equipment 110 includes a plurality of anten-
nas. Therefore, each of the base station 105 and the user
equipment 110 of the present invention supports an MIMO
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6

(multiple input multiple output) system. And, the base station
105 according to the present invention may support both
SU-MIMO (single user-MIMO) and MU-MIMO (multi user-
MIMO) systems.

In downlink, the transmitted data processor 115 receives
traffic data, codes the received traffic data by formatting the
received traffic data, interleaves the coded traffic data, modu-
lates (or symbol maps) the interleaved data, and then provides
modulated symbols (data symbols). The symbol modulator
120 provides a stream of symbols by receiving and processing
the data symbols and pilot symbols.

The symbol modulator 120 multiplexes the data and pilot
symbols together and then transmits the multiplexed symbols
to the transmitter 125. In doing so, each of the transmitted
symbols may include the data symbol, the pilot symbol or a
signal value of zero. In each symbol duration, pilot symbols
may be contiguously transmitted. In doing so, the pilot sym-
bols may include symbols of frequency division multiplexing
(FDM), orthogonal frequency division multiplexing
(OFDM), or code division multiplexing (CDM).

The transmitter 125 receives the stream of the symbols,
converts the received stream to at least one or more analog
signals, additionally adjusts the analog signals (e.g., amplifi-
cation, filtering, frequency upconverting), and then generates
a downlink signal suitable for a transmission on a radio chan-
nel. Subsequently, the downlink signal is transmitted to the
user equipment via the antenna 130.

In the configuration of the user equipment 110, the receiv-
ing antenna 135 receives the downlink signal from the base
station and then provides the received signal to the receiver
140. The receiver 140 adjusts the received signal (e.g., filter-
ing, amplification and frequency downconverting), digitizes
the adjusted signal, and then obtains samples. The symbol
demodulator 145 demodulates the received pilot symbols and
then provides them to the processor 155 for channel estima-
tion.

The symbol demodulator 145 receives a frequency
response estimated value for downlink from the processor
155, performs data demodulation on the received data sym-
bols, obtains data symbol estimated values (i.e., estimated
values of the transmitted data symbols), and then provides the
data symbols estimated values to the received (Rx) data pro-
cessor 150. The received data processor 150 reconstructs the
transmitted traffic data by performing demodulation (i.e.,
symbol demapping, deinterleaving and decoding) on the data
symbol estimated values.

The processing by the symbol demodulator 145 and the
processing by the received data processor 150 are comple-
mentary to the processing by the symbol modulator 120 and
the processing by the transmitted data processor 115 in the
base station 105, respectively.

In the user equipment 110 in uplink, the transmitted data
processor 165 processes the traffic data and then provides
data symbols. The symbol modulator 170 receives the data
symbols, multiplexes the received data symbols, performs
modulation on the multiplexed symbols, and then provides a
stream of the symbols to the transmitter 175. The transmitter
175 receives the stream of the symbols, processes the
received stream, and generates an uplink signal. This uplink
signal is then transmitted to the base station 105 via the
antenna 135.

In the base station 105, the uplink signal is received from
the user equipment 110 via the antenna 130. The receiver 190
processes the received uplink signal and then obtains
samples. Subsequently, the symbol demodulator 195 pro-
cesses the samples and then provides pilot symbols received
in uplink and a data symbol estimated value. The received
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data processor 197 processes the data symbol estimated value
and then reconstructs the traffic data transmitted from the user
equipment 110.

The processor 155/180 of the user equipment/base station
110/105 directs operations (e.g., control, adjustment, man-
agement, etc.) of the user equipment/base station 110/105.
The processor 155/180 may be connected to the memory unit
160/185 configured to store program codes and data. The
memory 160/185 is connected to the processor 155/180 to
store operating systems, applications and general files.

The processor 155/180 may be called one of a controller, a
microcontroller, a microprocessor, a microcomputer and the
like. And, the processor 155/180 may be implemented using
hardware, firmware, software and/or any combinations
thereof. In the implementation by hardware, the processor
155/180 may be provided with one of ASICs (application
specific integrated circuits), DSPs (digital signal processors),
DSPDs (digital signal processing devices), PL.Ds (program-
mable logic devices), FPGAs (field programmable gate
arrays), and the like.

Meanwhile, in case of implementing the embodiments of
the present invention using firmware or software, the firm-
ware or software may be configured to include modules,
procedures, and/or functions for performing the above-ex-
plained functions or operations of the present invention. And,
the firmware or software configured to implement the present
invention is loaded in the processor 155/180 or saved in the
memory 160/185 to be driven by the processor 155/180.

Layers of a radio protocol between a user equipment and an
base station may be classified into first layer L1, second layer
L2 and 3" layer L3 based on 3 lower layers of OSI (open
system interconnection) model well known to communica-
tion systems. A physical layer belongs to the first layer and
provides an information transfer service via a physical chan-
nel. RRC (radio resource control) layer belongs to the 377
layer and provides control radio resourced between UE and
network. A user equipment and a base station can exchange
RRC messages with each other via radio communication
layer and RRC layers.

In the following description, a method for a user equipment
to determine an uplink (UL) transmit power used for an
uplink (UL) signal transmission in such a mobile communi-
cation system as IEEE 802.16m system is explained in brief
Generally, when a user equipment transmits a UL signal, it
may need to determine a UL transmit power value. Formula 1
in the following is an expression used by a user equipment to
determine a UL transmit power.

P(dBm)=L+SINRz,,..+NI+Offset [Formula 1]

InFormula 1, P indicates a transmit power level (dBm unit)
per a subcarrier and stream for a current transmission and L,
indicates a current average DL propagation loss estimated by
auser equipment. The L includes a transmitting antenna gain
of the user equipment and a path loss. SINR,, ., indicates a
target UL SINR value received from a base station. NI indi-
cates an average noise and interference level (dBm unit) per
subcarrier estimated by the base station and is a value
received from the base station. Offset is a corrected term for
a power offset per user equipment. This offset value is trans-
mitted from the base station through a power control mes-
sage. There are two kinds of offset values. One is an offset
value Offset,,,, used for a data transmission, while the other
is an offset value Offset ; used for a control information
transmission.

In applying Formula 1, a user equipment can directly apply
a corresponding target signal to interference plus noise ratio
(SINR) value in case of a control channel. Yet, in case of
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transmitting data, it may be necessary to set up a target SINR
value using Formula 2 in the following.

SINR7rger = [Formula 2]

SINRun(dB
101og IO(ma){lo A (%) Yo7 XSIRpL — w]] -

B x 10logl O(TNS)

In Formula 2, SINR,,(dB) is a minimum SINR value
requested by a base station and is a value set through a unicast
power control message. The SINR, ., is expressed as 4 bits,
and its value can become one of {-o, -3, -2.5, -1, 0,0.5, 1,
1.5,2,2.5,3,3.5,4,4.5} for example. SIR,, means a ratio of
a DL signal measured by a user equipment to an interference
power. Y, s a fairness and IoT control factor and is broad-
casted by a base station. The « is a coefficient depending on
the number of receiving antennas of a base station. The a is
signaled with 3 bits by MAC power control mode signaling
and a corresponding value may be expressed as one of {1, 5,
Ya, 14, Vis,0} for example. The 13 may be set to 0 or 1 by 1-bit
MAC power control mode signaling. TNS is the total number
of streams in LRU (Logical Resource Unit) indicated by
UL-A-MAP IE. In case of SU-MIMO (Single User-MIMO),
this value is set to Mt. In this case, the Mt is the number of
streams per user. In case of CSM, this value is set to TNS and
indicates the total number of streams. In case of a control
channel transmission, this value may be set to 1.

A conventional communication was mainly a communica-
tion performed between a user equipment used by a user and
a base station. Yet, the development of communication tech-
nologies has enabled a machine-to-machine communication.
The machine-to-machine (hereinafter abbreviated M2M)
communication literally means a communication between
one electronic device and another electronic device. In a
broad sense, the M2M communication may mean a wire/
wireless communication between electronic devices or a
communication between a human-controllable device and a
machine. Recently, the M2M communication may generally
indicate a communication between electronic devices, i.e., a
device-to-device wireless communication.

In the early 1990’s, in which the concept of the M2M
communication has been initially introduced, the M2M com-
munication has been recognized as remote control or telemat-
ics and derivative markets of the M2M communication were
very limitative. Yet, the M2M communication has grown
rapidly for past few years and has been introduced into the
globally noteworthy markets as well as Korean market. Spe-
cifically, in POS (point of sales) and security related applica-
tion markets, the M2M communication has considerable
influence on such field as fleet management, remote monitor-
ing of machinery and equipment, smart meter for auto-mea-
surement of operating time, consumed heat or electricity
quantity on construction machinery equipment and the like.
M2M communication in the future will be further utilized for
various usages in connection with small-scale output com-
munication solutions for conventional mobile communica-
tion, wireless high-speed internet, Wi-Fi, ZigBee and the like
and may lay the foundation of expansion to B2C (business to
consumer) markets instead of being confined to B2B (busi-
ness to business) markets.

In the era of the M2M communication, every machine
equipped with SIM card enables data transmission and recep-
tion and is capable of remote management and control. For
instance, as M2M communication technology is usable for
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numerous devices and equipments including cars, trucks,
trains, containers, auto-vending machines, gas tanks and the
like, its application fields may reach far and wide.

The M2M device makes a report to a base station on a
long-term basis. Alternatively, the M2M device makes a
report to the base station if an event is triggered. In particular,
while the M2M device mostly stays in an idle state, if a
long-term cycle returns or an event is triggered, the M2M
device awakes and then enters an active state. Moreover,
although some of M2M devices may have mobility by being
installed on mobile bodies, most of the M2M devices may
have less or zero mobility.

The above-mentioned device for performing M2M com-
munications may be variously named one of an M2M device,
an M2M communication device, an MTC (machine type
communication) device and the like. And, a conventional user
equipment may be named an HTC (human type communica-
tion) user equipment.

The number of M2M devices will increase gradually in a
prescribed network in response to the increasing number of
machine application types. The currently discussed machine
application types may include (1) security, (2) public safety,
(3) tracking and tracing, (4) payment, (5) healthcare, (6)
remote maintenance and control, (7) metering, (8) consumer
device, (9) POS (Point Of Sales) and fleet Management in
security related market, (10) M2M communication of vend-
ing machine (11) smart meter for plant and machinery remote
monitoring, operating time measurement on measurement on
construction plant and machinery and auto-measurement of
consumed heat or electricity quantity on construction plant
and machinery, (12) surveillance video communication and
the like, by which the machine application types may be
non-limited. And, there are ongoing discussions on other
machine application types. As the number of machine appli-
cation types increases, the number of M2M communication
devices may increase rapidly compared to the number of
general mobile communication devices.

In the following description, in a communication system
based on a cellular network supportive of the above-men-
tioned M2M communication, mainly explained are a method
for a system to support an M2M communication without
using a base station and a method of supporting a communi-
cation in case that a user equipment transmits a signal to a
base station with a help of a neighbor user equipment due to
such a problem as a power problem, a transmit power prob-
lem, an interference problem, a channel state problem and the
like.

FIG. 2 is a diagram for one example of a wireless commu-
nication system supportive of a UE-to-UE (M2M) direct
communication.

Referring to FIG. 2, in case that a signal of a user equip-
ment A is forwarded to a base station with a help of a user
equipment B, the user equipment A and the user equipment B
shall be named a source user equipment and a target user
equipment, respectively. Of course, like the case shown in
FIG. 2, since the user equipment B helps the user equipment
A in a manner of receiving the signal of the user equipment A
and then forwarding it to the base station, it may be preferable
that the user equipment B is named a cooperative device. Yet,
since the present invention can include an M2M cooperative
communication as well as an M2M direct communication, the
user equipment B shall be named a target user equipment.

A direct communication architecture shown in FIG. 2 is
described in brief as follows. A system having the direct
communication architecture according to FIG. 2 includes a
user equipment A (i.e., a source user equipment), a user
equipment B (i.e., a target user equipment) and a macro cell
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base station. A control tower configured to control and oper-
ate a macro cell can manage a plurality of macro base stations,
each of which shall be named a base station in the present
specification. Contents of the present invention shall be
described using the user equipment A, the user equipment B
and the base station included in the system having the direct
communication architecture shown in FIG. 2.

Referring to FIG. 2, the user equipment A can transmit a
UE-specific signal (e.g., SRS (sounding reference signal)
symbol) to the user equipment B and the base station. The
base station can share channel estimated values and transmit
power configured element estimated values for signals sent
by user equipments with a specific user equipment or partial/
whole group. Based on this, the base station is able to perform
a communication through an M2M power configuration.

<Case that User Equipments are Unable to Identify Each
Other>

A transmission format can be defined in advance for trans-
missions between user equipments. User equipments can use
a predefined transmission format (including at least one of
resource size & position, coding, modulation scheme and
UE-specific ID (identifier) informations). When a base sta-
tion performs resource allocation (time and frequency region
assignment), a user equipment, which needs an M2M com-
munication system, can transmit a signal using the allocated
resource. In particular, transmission can be performed using
previous SRS (sounding reference symbol) as it is. Alterna-
tively, new definition can be made for the purpose of M2M
communication configuration.

A user equipment A can transmit a UE-specific signal (e.g.,
SRS) to a user equipment B and a base station. Based on a
transmission format used for this transmission, the user
equipment B can recognize that the corresponding signal is
the signal of the user equipment A. In particular, the user
equipment A can set a transmit power by targeting neighbor
user equipments instead of targeting the base station like
SRS. The method of setting a transmit power by targeting
neighbor user equipments can be configured in various ways.

In this case, for instance, assume that PSD levels to be used
by user equipments are previously determined and that the
PSD levels uniquely correspond to transmission formats,
respectively. For example, assume that a PSD level combina-
tion predetermined with a transmission format and a multi-
PSD level is configured and that such information is shared
within a wireless communication system in advance. And,
assume that information for identifying a user equipment may
be included in the transmission format.

For instance, if a user equipment A transmits a signal to a
user equipment B with a combination of a specific transmis-
sion format and a predetermined PSD (power spectral den-
sity) level, the user equipment B can recognize that the user
equipment having transmitted the corresponding signal is the
user equipment A based on the information of the combina-
tion ofthe PSD level and the transmission format. In doing so,
since the PSD level and the transmission format lie in the
unique correspondence relation, the user equipment B can
acquire informations (e.g., pathloss between user equipment
A and user equipment B, NI (noise and interference) level,
etc.) necessary for the transmit power configuration of a like
between user equipments through the transmission format
used by the user equipment A. The acquisition of the pathloss
information of the user equipment B or the like can enhance
the accuracy of the power control in the system having the
pathloss configured as a basic factor in a power control for-
mula. This also provides such an advantage as minimizing an
additional interference occurrence of a system by minimizing
a surplus power.
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Moreover, a UL signal transmission to a user equipment B
from a user equipment A can become a method of configuring
a user equipment as a minimum power transmission target of
the grouping for the usage of a UE-to-UE communication, an
M2M communication or the like. In particular, it is possible to
make a reporting to a base station by taking this method as a
reference for forming a candidate group for a UE-to-UE
communication or a grouping for specific purpose. Based on
this reporting information, a base station can enable a process
for the grouping to proceed.

For the UE-to-UE direct communication, in aspect of reus-
ing an SRS transmitting method and power control in a wire-
less communication system of the related art, a following
method can be taken into consideration. First of all, a base
station can inform a user equipment A, a user equipment B
and user equipments of a candidate group for M2M commu-
nication of an SRS transit power level. The base station can
signal the corresponding SRS transmit power level in a man-
ner of configuring the SRS transmit power level as a single-
level or a multi-level. If so, the user equipment A can estimate
such a channel information as a pathloss for a user equipment,
which performs a transmission on an indicated SRS transmit
power level, NI level and the like. Based on the estimated
channel information, the user equipment A is facilitated to set
a transmit power level for the user equipment B.

As another method considerable in aspect of reusing an
SRS transmitting method and power control in a wireless
communication system of the related art, there is a method for
a user equipment to perform an SRS transmission of the
related art and to report a corresponding SRS transmit power
information to a base station. The base station is able to notify
the corresponding SRS transmit power information to a user
equipment A (i.e., source user equipment) or user equipments
in a group for the usage of M2M or the like. If so, the user
equipment A (source user equipment) can compensate for a
transmit power loss amount with a user equipment B based on
a channel information through an SRS signal transmission of
the user equipment B (i.e., target user equipment) and the
corresponding SRS transmit power information received
from the base station.

A user equipment can set a power for a format of a corre-
sponding transmission to a different user equipment by
applying a fractional pathloss compensation based on a path-
loss with a base station. In this case, it is reusable without an
additional power control configuration in a wireless commu-
nication system that uses a pathloss based power control. Yet,
if the fractional pathloss compensation scheme is used by a
wireless communication system of the related art, it is neces-
sary for a user equipment A to configure a corresponding
element discriminated from that of a transmission to a base
station for example. In doing so, the user equipment A can
consider that a transmit power level for a corresponding trans-
mission format is included and transmitted to a user equip-
ment B. This information is useful for the user equipment B to
estimate a pathloss between the user equipment A and the user
equipment B and an NI level. The estimated pathloss and the
estimated NI level become significant elements for the mini-
mum power settings for the communication between the user
equipment A and the user equipment B.

In such a power control scheme of applying a fractional
pathloss compensation as 3GPP LTE system, a cell-specific
fractional pathloss compensation factor setting of the related
art is changed UE-specific or can be set in a manner of
overriding into a UE-specific setting value only if necessary
like UE-to-UE (or M2M) communication. Moreover, when
UE-specific offset terms of a power control of the related art
are set, they can be set in consideration of the UE-to-UE
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communication or an additional UE-specific offset value can
be inserted for the UE-to-UE communication only.

Meanwhile, after an initial transmission of a user equip-
ment A has been performed, a transmit power to a user equip-
ment B (i.e., target user equipment) can be adjusted depend-
ing on a quality of a received and measured signal. In
particular, in case that consecutive NACK (negative acknowl-
edgement) signals or discontinuous transmissions (DTx), of
which count is equal to or greater than a predetermined num-
ber, occur in the user equipment B or NACK signals or DTx
occur over a predetermined rate within a determined time
window, the user equipment A (source user equipment) can
raise a transmit power level of a transmission to the user
equipment B (target user equipment). Moreover, if the NACK
signals or DTx do not occur over a predetermined time or
count, the user equipment A can lower the transmit power
level of the transmission to the user equipment B. In doing so,
a signal indicating a presence or non-presence of occurrence
of the NACK signal or DTx and an increase/decrease of the
transmit power level may be transmitted to the user equip-
ment A (source user equipment) from the user equipment B
(target terminal) or may be directly transmitted to the user
equipment A (source user equipment) by a base station.

Alternatively, it is able to consider a following method.
First of all, a user equipment A (source user equipment)
transmits a signal to a base station by the same operation and
transmission of a general SRS signal. Secondly, one (e.g.,
user equipment B (target user equipment)) of neighbor user
equipments, which have already obtained informations nec-
essary to receive the transmitted signal from the base station,
receives SRS and then transmits a measurement reporting to
the base station.

<Case that User Equipments are Unidentifiable Based on
UE-Specific Signal Between User Equipments>

Assume that a user equipment B can receive and decode
UL transmission signals transmitted by other user equip-
ments (e.g., a neighbor user equipment, etc.). And, assume
that the user equipment B identifies other user equipments by
receiving signals transmitted by other user equipments and
estimates a channel status. In particular, each user equipment
basically performs a series of processes including the steps of
identifying a user equipment/relay node/base station or the
like based on signals received from other user equipments,
estimating a channel status by a preset method, and then
reporting the corresponding information to a neighbor user
equipment and a corresponding base station (e.g., a macro
base station, a micro base station, a femto base station, a relay
node, etc.). In this case, assume that a reporting format fol-
lows a predetermined structure. Such a reporting can be trans-
mitted on a physical channel or by upper layer signaling.

In case that a communication of M2M type such as client
cooperation is not an independent transmission but a portion
of a whole transmitting process, a process for channel esti-
mation in the following is possible. Each user equipment can
decode a fractional reference signal for estimating a channel
status only instead of decoding a whole signal transmitted in
UL. In this case, the reference signal may be excluded from an
additional transmission after the decoding. In case that a
signal transmitted between user equipments is encrypted for
security, it is able to check CRC to check whether a signal
reception is correctly performed. In doing so, CRC attach-
ment may be excluded from an additional transmission after
decoding. Moreover, in doing so, the used CRC may include
a CRC of atype different from that of'the CRC included in the
encrypted signal.

User equipments are awake in an SRS transmitting interval
and ready to perform estimation. And, all of the neighbor user
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equipments can simultaneously transceive signals in a cell-
specific transmitting interval. Moreover, only necessary user
equipments can transceive signals. In this case, the transceiv-
ing can proceed in a manner of being limited to a group oruser
equipments having sent/received request messages.

Based on a signal (e.g., UE A-specific signal) received
from a user equipment A, a user equipment B can estimate a
channel state by estimating a pathloss with the user equip-
ment A and is able to report such a channel information as the
estimated pathloss and the like to a base station. Simulta-
neously, based on the signal (e.g., UE A-specific signal)
received from the user equipment A, the base station can
estimate a channel state through the pathloss estimation with
the user equipment A as well. Channel information transmit-
ted to the base station by the user equipment B can include
SNR/SINR (signal to noise ratio/signal to interference plus
noise ratio), pathloss & NI level, location information trans-
mit power related elements (e.g., PSD, total transmit power
level) and the like. Based on the above-mentioned elements,
the channel information can be configured entirely or in part
if necessary.

When a direct communication is performed between a user
equipment A and a user equipment B, a base station can
transmit a transmit power adjusting factor for a transmit
power level to the user equipment A based on the channel
information reported by the user equipment B. Alternatively,
the user equipment B can directly transmit a transmit power
adjusting factor to the user equipment A based on the channel
information estimated by the user equipment B. Generally, in
case of a UE-to-UE cooperative transmission, it may be pref-
erable that the base station transmits the transmit power
adjusting factor to the user equipment A. Yet, in case of a
UE-to-UE direct communication, it may be preferable that
the user equipment B transmits the transmit power adjusting
factor to the user equipment A. Since the user equipment B or
the base station can transmit the transmit power adjusting
factor to the user equipment A, in order to discriminate the
transmission from the user equipment B and the transmission
from the base station from each other, the base station trans-
mits the transmit power adjusting factor to the user equipment
A using a message type of the related art or the user equip-
ment B can inform the user equipment A of the transmit
power adjusting factor in a manner of configuring an inde-
pendent message for the UE-to-UE cooperative communica-
tion. For instance, when the M2M connection managed by the
base station is configured, the transmit power adjusting factor
can be indicated in a manner of being included in a corre-
sponding message to be sent.

Meanwhile, when a user equipment A is already aware of
the pathloss and the N1 level with a user equipment B, itis able
to determine a transmit power level of a transmission to the
user equipment B without a process for receiving a transmit
power adjusting factor from a base station. Yet, in this case,
when the transmit power adjusting factor is received from the
base station and then transmitted, the step of applying the
received transmit power adjusting factor is not excluded.

Alternatively, it is possible for a user equipment A to set a
power based on a location information of a user equipment B.
Yet, in this case, it is necessary to apply NI level and addi-
tional margin for the corresponding transmission resource.
And, this element can be signaled to the user equipment A.

The transmit power adjusting factor may include a value
for a parameter (e.g., a pathloss between a user equipment A
and a user equipment B), which is not known to the user
equipment A, in a substantial power control formula, a value
to help the user equipment A to analogize the value for the
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parameter, an absolute power value to be substantially trans-
mitted, or a relative difference for a previous transmission
value.

A base station can set an SRS transmit power as a reference
power. The base station can transmit the reference power and
the transmit power adjusting factor to a user equipment A.
The user equipment A determines a power for a first signal
transmission by applying the transmit power adjusting factor
signaled from the base station. The user equipment A receives
the transmit power adjusting factor from a target user equip-
ment (e.g., the user equipment B shown in FIG. 2) which
performs the direct communication after the first signal trans-
mission and is then able to set a transmit power of a transmis-
sion to a user equipment B by applying the received transmit
power adjusting factor. Alternatively, the user equipment A
receives the transmit power adjusting factor from the base
station after the direct communication with the user equip-
ment B and is then able to set a transmit power of a transmis-
sion to the user equipment B. In case of receiving the transmit
power adjusting factor from the user equipment B in addition,
a power setting method for a transmission to the user equip-
ment A is necessary as well.

In the foregoing description, a series of the processes of the
neighbor user equipments can be categorized into a case of
knowing the pathloss and NI (level) and a case of not knowing
the pathloss and NI (level).

For instance, in case that the user equipment B knows the
pathloss and NI level with the user equipment A, the user
equipment B sets a transmit power based on the pathloss and
the NI level and is then able to transmit a signal to the user
equipment A in accordance with the set transmit power. Once
an initial communication between user equipments is per-
formed, a next transmission can be controlled by sending a
power adjusting factor through a message exchanged in-be-
tween.

On the contrary, in case that the user equipment B does not
know the pathloss and NI level with the user equipment A, the
user equipment A transmit a transmission PSD level informa-
tion in a manner that the corresponding information is
included in a first signal transmission. Alternatively, since the
user equipment A knows the pathloss and NI level with the
user equipment B, the user equipment A can transmit the
corresponding information in a manner that the correspond-
ing information is contained in the initial transmission con-
tent or configured as a separate message. When at least one
target user equipment for an M2M communication exists, a
power may be set based on a bigger pathloss component.

FIG. 3 is a diagram to describe a process for adjusting a
transmit power in a manner that a source user equipment
reports information on a target user equipment to a base
station and that the base station sends a transmit power adjust-
ing factor to the source user equipment.

Referring to FIG. 3, assume that a source user equipment
includes a user equipment A. Assume that a target user equip-
ment includes a user equipment B. The user equipment A can
transmit a UE A-specific signal (e.g., SRS signal) to the user
equipment B and a base station [S310]. Based on the UE-A
specific signal (e.g., SRS signal) received from the user
equipment A, the user equipment B is able to estimate a
channel state [S320]. The user equipment B is able to transmit
a channel information reporting for the user equipment A to
the base station [S330].

If so, the base station can transmit an information for a
UE-to-UE direct communication and a transmit power
adjusting factor to the user equipment B [S340]. Thereafter,
based on the channel state information estimated in the step
S320, the user equipment can determine a UL transmit power
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for a data transmission to the user equipment A. And, the user
equipment sets a transmit power based on the information for
the UE-to-UE direct communication and the transmit power
adjusting factor, which are received from the base station, and
is then able to transmit data to the user equipment A with the
set transmit power [S350]. If so, the user equipment A can
transmit feedback information and data related to the former
data received from the user equipment B to the user equip-
ment B [S360].

On the other hand, unlike the step S340, the base station
may transmit an information for a UE-to-UE direct commu-
nication and a transmit power adjusting factor to the user
equipment A. If so, the user equipment A can transmit them to
the user equipment B. Alternatively, the base station may
transmit an information for a UE-to-UE direct communica-
tion and a transmit power adjusting factor to both of the user
equipment A and the user equipment B.

FIG. 4 is a diagram to describe a process for obtaining
information for determining a transmit power between a
source user equipment and a target user equipment by itself
and a process including a supportive structure.

Referring to FIG. 4, assume that a source user equipment
includes a user equipment A. Assume that a target user equip-
ment includes a user equipment B. The user equipment A can
transmit a UE A-specific signal (e.g., SRS signal) to the user
equipment B and a base station [S410]. Based on the UE-A
specific signal (e.g., SRS signal) received from the user
equipment A, each of the base station and the user equipment
B is able to estimate a channel state [S420]. In this case, the
channel state estimation may include estimation of a pathloss
between the user equipment A and the user equipment B, NI
level and the like. In particular, the user equipment B can
obtain channel information (e.g., pathloss, NI level, etc.) on
the user equipment A in direct [S420]. If so, the user equip-
ment B can set a transmit power of a transmission to the user
equipment A based on the estimated channel information of
the user equipment A [S430].

If'so, the user equipment A can transmit feedback informa-
tion and data related to the former data received from the user
equipment B to the user equipment B [S440]. In this case,
information on an offset value, which is to be applied to the
transmit power setting by the user equipment B, can be
included in the feedback information. Thereafter, the user
equipment B sets a transmit power by applying the offset
value included in the feedback information and is then able to
transmit a next signal to the user equipment A with the set
transmit power.

A user equipment can set a transmit power for a UE-to-UE
direct communication using Formula 1 mentioned in the fore-
going description. Based on the SRS transmit power using
Formula 1, an initial power for the UE-to-UE direct commu-
nication can be set by applying a transmit power adjusting
factor received from a base station. Alternatively, in case that
a UE-to-UE pathloss and an NI level can be estimated, it is
able to set a UE-to-UE transmit power by applying them to
and ‘NI’ in Formula 1.

Of course, despite using Formula 2 as it is, components can
be signaled or reused for a UE-to-UE communication. And,
an SRS transmission can be performed between user equip-
ments. Hence, when a power for a UE-to-UE SRS transmis-
sion is set, the power can be set in a manner of applying a
pathloss, an NI level and the like used for a data transmission.
And, an SRS setting parameter between a user equipment and
a base station among UE-to-UE SRS power setting param-
eters can include a signaled value optimized for a UE-to-UE
communication or a preset value.
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The above-described method is applicable to a power con-
trol different from that of a control channel or a data channel.
For instance, a method of using a power control formula of
LTE/LTE-A system is applicable to using the above-de-
scribed method. For example, a transmit power can be set in
a following manner. First of all, an estimated value is applied
to a pathloss part which is an individual power control chan-
nel applied common element. Secondly, other parameters are
indicated by a base station in UE-to-UE connection/schedul-
ing or preset values are applied.

The various embodiments of the present invention men-
tioned in the foregoing description help the transmit power
settings for a UE-to-UE direct communication and bring con-
siderable effects in controlling interference amounts and
reducing power consumption.

Although the contents of the present invention are
described with reference to IEEE 802.16m system, they are
applicable to various kinds of communication systems
including 3GPP LTE system, 3GPP LTE-A system and the
like.

The above-mentioned embodiments correspond to combi-
nations of elements and features of the present invention in
prescribed forms. And, itis able to consider that the respective
elements or features are selective unless they are explicitly
mentioned. Each of the elements or features can be imple-
mented in a form failing to be combined with other elements
or features. Moreover, it is able to implement an embodiment
of the present invention by combining elements and/or fea-
tures together in part. A sequence of operations explained for
each embodiment of the present invention can be modified.
Some configurations or features of one embodiment can be
included in another embodiment or can be substituted for
corresponding configurations or features of another embodi-
ment. And, it is apparently understandable that an embodi-
ment is configured by combining claims failing to have rela-
tion of explicit citation in the appended claims together or can
be included as new claims by amendment after filing an
application.

While the present invention has been described and illus-
trated herein with reference to the preferred embodiments
thereof, it will be apparent to those skilled in the art that
various modifications and variations can be made therein
without departing from the spirit and scope of the invention.
Thus, it is intended that the present invention covers the
modifications and variations of this invention that come
within the scope of the appended claims and their equivalents.

INDUSTRIAL APPLICABILITY

Accordingly, a method of determining a transmit power for
a UE-to-UE UL signal transmission in a wireless communi-
cation system supportive of a UE-to-UE communication and
apparatus therefor are industrially applicable to various kinds
of'wireless access systems including 3GPP LTE, 3GPP LTE-
A, IEEE 802 and the like.

What is claimed is:

1. A method of determining an uplink transmit power by a
first user equipment for an uplink signal transmission to a
second user equipment in a wireless communication system
supportive of a UE-to-UE communication, the method com-
prising:

estimating a channel state based on a second user equip-

ment-specific signal received from the second user
equipment;

transmitting estimated channel information to a base sta-

tion;
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receiving a message including information on a transmit
power adjusting factor from the base station or the sec-
ond user equipment; and

determining a transmit power for the uplink signal trans-

mission to the second user equipment based on the
received message.

2. The method of claim 1, wherein the first user equipment
identifies the second user equipment by the second user
equipment-specific signal.

3. The method of claim 2, wherein the second user equip-
ment-specific signal corresponds to an SRS (sounding refer-
ence symbol) signal.

4. The method of claim 2, wherein the message further
comprises information for the UE-to-UE communication.

5. The method of claim 1, further comprising transmitting
an uplink signal to the second user equipment at the deter-
mined uplink transmit power.

6. A method of determining an uplink transmit power by a
first user equipment for an uplink signal transmission to a
second user equipment in a wireless communication system
supportive of a UE-to-UE communication, the method com-
prising:

estimating a channel state based on a second user equip-

ment-specific signal received from the second user
equipment;

determining a transmit power for the uplink signal trans-

mission to the second user equipment based on the esti-
mated channel state; and

transmitting an uplink signal to the second user equipment

in accordance with the determined transmit power.

7. The method of claim 6, the channel state estimating
further comprising estimating at least one of a pathloss
between the first user equipment and the second user equip-
ment and an NI (noise and interference) level.

8. A first user equipment for determining a transmit power
for an uplink signal transmission to a second user equipment
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in a wireless communication system supportive of a UE-to-
UE communication, comprising:
a processor configured to estimate a channel state based on
a second user equipment-specific signal received from
the second user equipment;

a transmitter configured to transmit estimated channel

information to a base station; and

a receiver configured to receive a message including infor-

mation on a transmit power adjusting factor from the
base station or the second user equipment,

wherein the processor determines transmit power for the

uplink signal transmission to the second user equipment
based on the received message.

9. The first user equipment of claim 8, wherein the trans-
mitter transmits an uplink signal to the second user equipment
in accordance with the determined transmit power.

10. The first user equipment of claim 8, wherein the mes-
sage further comprises information for the UE-to-UE com-
munication.

11. A first user equipment for determining a transmit power
for an uplink signal transmission to a second user equipment
in a wireless communication system supportive of a UE-to-
UE communication, comprising:

a processor configured to estimate a channel state based on

a second user equipment-specific signal received from
the second user equipment, the processor configured to
determine transmit power for the uplink signal transmis-
sion to the second user equipment based on the esti-
mated channel state; and

a transmitter configured to transmit an uplink signal to the

second user equipment in accordance with the deter-
mined transmit power.

12. The first user equipment of claim 11, wherein the
processor estimates at least one of a pathloss between the first
user equipment and the second user equipment and an NI
(noise and interference) level.
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